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ABSTRACT

Excessive electromagnetic intererenceradio frequency interference (EMI/RFI) degrades

the capability of the Naval Security Group (NSG) high frequency direction finding

(HFDF) sites to receive signals of interest (SOl). These sites use a circularly disposed

antenna array (CDAA) to receive signals in the 2 to 30 MHz frequency range. A conical

monopole (CM), an antenna whose bandwidth matches the CDAA's, may provide a

solution to the EMI/RFI problem through separation and isolation. Semi-remotely

locating the CM away from EMI/RFI sources achieves the former, while its

independence from the noisy RF distribution system accomplshes the latter. This thesis

analyzed the susceptibility of the CM to EMI/RFI currents that might be injected onto

the feedline from equipment in the building at the center of the CDAA.

The Numerical -lcmagei Code (NEC) was used to model the cm and its

buried feedline at the Imperial Beach CDAA site. The nmerical model was used to

validate proposed limits for the maximum allowable EMI/RFI current on incidental

conductors and grounds at receiving sites. A maximum of two microamps of EMI current

has been suggested to ensure that no appreciable degradation of SOI reception occurred.

The NEC CM model predicted that the two microamp current limit would be adequate

for SO1 reception on the CM examined. Experiment measurements obtained at the

Imperial Beach HFDF site partially validated these results and denstrte that the

CDAA respon to the two microamp EMI/RFI limit is within the expected levels.
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I. ZNTRODUCTION

The AN/FRD-10 Wullenweber CDAA is used for signal

acquisition and direction finding. When first constructed in

the 1960's, this system offered superior detection for low

level SOI. Since then the CDAA's capabilities have been

significantly degraded by the intrusive effects of EMI/RFI.

Low-level EMI/RFI currents, conunonly called noise

currents, are produced by a number of sources. Many of these

sources have appeared with the advent and widespread use of

digital technology. The Naval Postgraduate School's Signal-

to-Noise Enhancement Program (SNEP) has identified many of

these sources [Ref. 1]. The consequence of EMI/RFI is that

previously detectable low level Sol are no longer

receivable. One specific reason is that noise currents

migrate to the antenna's ground screen and appear at the

antenna feedpoint as noise and interference. The noise and

interference mask the desired Sol. Extensive CDAA conduction

paths consisting of wires, coaxial cables, heating ducts,

etc. provide ample opportunities for EMI/RFI currents to

travel into other parts of the system and degrade

performance. Therefore, it is necessary to limit their

magnitude to some acceptable level.

Other NPS SNEP team work [Ref. 2] suggested maximum

limits for EMI/RFI currents injected into any conductor,

1
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cable shield, or ground should not exceed two microamps at a

small size receiving site. This amount should ensure that

the EMI/RFI will be below the ambient noise floor and not

affect the reception of a minimum detectible signal level of

about -135 dBm. This signal level represents a .002 microamp

current at the feedpoint of a 50 ohm antenna.

Through antenna modeling using NEC and field

measurements, this thesis examines the relationship between

the suggested maximum injected EMI/RFI current and the

actual level. Additionally, it analyzes the possibility of

limiting the impact of EMI/RFI by semi-remotely locating an

antenna far enough away from EMI/RFI sources so noise

currents attenuate to acceptable levels before arriving at

the antenna feedpoint.

Lemos [Ref. 33 already showed that the CM, an

omnidirectional HF antenna, possesses satisfactory

radiation receiving patterns in the 2 to 30 MHz operating

range. This study will analyze the CM's response to noise

currents on its radial ground screen and see if semi-

remotely locating it might improve its performance.

Figure 1 provides a side view of the CM and shows one of

the 36 radial wires comprising its ground screen. This

physical structure is ideally suited for NEC solution

methods which employ thin wires to model actual antennas. By

exciting the model's structure with current sources, one

obtains solutions for the wire currents based on the

electric field integral equation (EFIE).

2
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Figure 1. Diagram of the NY-GAIN Conical Monopole [Ref. 31
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A. * OCvKzIUM'S XI MZAL EQUATXON

Balanis [Ref. 4] provides an excellent derivation of the

EFIE upon whose theory NEC rests. NEC uses the method of

moments, a matrix solution technique, and a special form of

the EFIE, known as Pocklington's integral equation, to solve

thin-wire antenna problems. Pocklington's integral equation

relies on the following four assumptions:

1. Transverse currents are small relative to axial
currents on the wire.

2. The circumferential variation in the axial current is
small.

3. Current on wires exists as a filament at the center.

4. The boundary condition on the electric field is
enforced in the axial direction only.

The EFIE allows computing the radiated field of a wire

antenna at any observation point if the current density on

the surface of the wire is known. For observation points on

the wire, only the axial component on the surface is needed.

The thin-wire approximations given above lead to the

following scalar integral equation, known as Pocklington's

integral equation,

CP--mV(F) .- j ._..1•.f [_") (k2 -)- -4g(7,7') I d'1

4(1



where

( '(2)

.k..• Vr ,(:3)

and

In these equations I(s') is the induced current, E' is the

incident electric field, i and i' unit vectors tangent to

the wire at s and s, and T and ' are vectors to the points

s and s' on the wire. The electric field is in volts/meter.

NEC employs delta weighing functions and special subdomain

basis functions known as B spline of the form

I# (s)-j+B,,Stn [k (s-s,) ] +CCos [k (s-s,) ] ( 5)

which allow rapid convergence of numerical results [Ref. 5].

a. *NUitZCAL 3C M&GNZTZC8 CODD MODELING GUDIDLNS AND
ACCURACY

Burke and Pogio [Ref. 6] provide detailed guidelines on

constructing antenna models using NEC. Essentially, by

constructing wire models whose segment lengths and diameter

5



are restricted in terms of wavelength, one ensures numerical

accuracy and prevents violating the assumptions associated

with Pocklington's integral equation.

For a loss free antenna, average power gain, GAVis a

check of solution accuracy, and is defined as

GAVE. ..f (6)Pz

where P. is the radiated power in the far field and defined

as

Per 2Zi2(Re (k3RID (7)

S2 1 .M

and dO is the differential surface on the sphere. P. is the

input power of the antenna given by

(PV=1 XRe;(VWI) (8)

where: V. is the input voltage in volts and

I is the input current in amperes.

Modeling usually begins by constructing the antenna in

free space or over perfect ground, since either situation

eliminates the effect of lossy ground on GA•" calculations.

In free space, a properly modeled antenna has GAz.=l while

one over perfect ground has GAW.= 2 . Values within 10% of

these ideal averages are usually acceptable.

6
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Realistic antenna problems frequently rely on solutions

involving lossy ground. In these cases, NEC uses the

Sommerfeld-Norton method [Ref. 61.

C. COKICAL MONOPOLI OPIMATION

The CM displays broadband characteristics in the 2 to

30 MHz frequency range. Lemos [Ref. 3] provides a discussion

on the characteristics and theory concerning its operation.

7



III. MODEL MG TIM COIICAL MONOPOLE USING NEC

A. MC MODELXNG CONSXDREAYTOKS

Lemos [Ref. 3] previously validated the model of the CM

by evaluating its average power gain over perfect ground in

the frequency range of interest. Appendix B contains his NEC

input data set with the noticable exception of an added 290

segment wire. This wire attaches to the CM base where the 36

radials join and models a long coaxial cable feedline

connecting the CM to a distant CDAA control building.

NEC modeling allows input for real ground's relative

permittivity (e,) and conductivity (a) in siemens/meter

which change significantly with frequency. Figure 2 shows

some representative values taken from Hagn [Ref. 7].

Typical values range from extremes for seawater (Er=80 c=5)

to those of an urban environment (er=3 CT=.001).

Several methods exist for measuring real ground

parameters at antenna sites and should be employed whenever

possible to increase the accuracy of the NEC model.

Unfortunately, a February winter storm prevented measuring

er and a at the Imperial Beach site. Based on measurements

taken at other sites and a review of pertinent literature,

the model used an 4 of 15 and C of .003. These values are

representative of sandy coastal regions such as southern

8
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igure 2. Relative PemiLttivity and Coandutivity Variation
with Frequency

California.

To simulate injected EMI/RFI currents, NEC used a 1 amp

current source made by connecting an electrically small,

poorly radiating element to the antenna model through a

network. Since the system is linear, it is possible to scale

the results to any convenient value to represent EMI/RFI

noise currents.

The primary modeling objective was to simulate

EMI/RFI currents coupled onto the shield of a 3200 foot

coaxial cable connected to the CM base. This would provide

9
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information about how current attenuates along a coaxial-

cable shield as it travels toward the feedpoint of a semi-

remotely located CM. Of interest was how far it was from a

two microamp source to the location where current drops

below the NPS SNEP team's .002 microamp reconmmended maximum

level of feedpoint current. For this model, a current

reference source was actually attached 3116 feet from the

antenna feedpoint.

A necessary prelude to accomplishing this objective was

to validate that the NEC model for the CM accurately

predicted feedpoint current levels. An NPS SNEP team vised

an experiment to inject current into one of the CM radials

and measure the current induced into a 50 ohm resistor at

the feedpoint. The NEC predicted results compared very

favorably with the experimental values.

I3. MC 3ItU7A8 CRM TM CUiCAL NOKOPOLN

Figure 3 shows the NEC predicted feedpoint current for

the CM over the selected frequency range when one radial is

injected 42 feet from the feedpoint with two microamps.

Severa2 peaks indicate frequencies where strong coupling

exists between the radials. The greatest coupling occurs at

the 3-MHz peak. Another peak occurs at 10 MHz. Coupling

decreases past 10 MHz as the radials become further apart

electrically.

Figure 4 shows how the current magnitude and phase

10



varies for the model along the injected radial at 15 MHz.

The linear phase is indicative of a traveling current wave

moving in both directions away from the source. The .002

microamp noise floor was plotted to provide a perspective on

how this current's magnitude compares to the NPS SNEP team's

suggested maximum level of EMI/RFI current at the feedpoint

of the CM. Clearly, the injected level of two microamps on

the antenna's radial ground screen would significantly

interfere with reception of SOI since it is several orders

i0.C FEEDPOINT CURRENT FOR CONSTANT 2 MICROAMP INJECTED CURRENT

I,°

E

U

.002 MICROAMP NOISE FLOOR
.... °.. . ,,,... , .... , ,,.... ,,.... , ........ .. ...... ,°.,.... ,,... ... ............. ,........ ... . .

0 5 10 15 20 25

FREQUENCY (MHz)

]igur* 3. MNC Predicted reedpoint Current for a Constant 2
Kicroap Current ZanJ cted into Radial

11
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:igure 4. *Cumat Alang RadiLl Wire when Zn1ect.4 42 root foom
the 1m4dpoint with 2 niLroams at 15 Wx

of magnitude above the ambient noise of a receiver connected

to this antenna. Figures 5 and 6 show plots of the current

for the case of a 3200 foot wire injected near the end at 3

and 6 MHz respectively. Both cases show that the current

rapidly falls off until lateral wave propagation begins

about 200 feet from the source [Ref. 8). After that, a

slower but steady attenuation occurs until shortly before

the feedpoint, where a number of peaks exist due to

reflections from an impedance mismatch occurring at the

antenna's base.

12
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Figur-e S. M PLdioted Cur•nt Along a 3200 Foot Coazial
CaIble with a 2 uioroaW Current injaected 3116 Feet fron the
Atenna Feepoint at 3 Ms

At 3 MHz the current magnitude drops from 2 microamps to

below .0001 microamps: a -86 dB attenuation. Since 3 MHz

represents the peak coupling frequency, all other

frequencies will experience even greater loss.

Table I shows the current magnitude for various

distances along the cable. The 3200 foot Imperial Beach CM

cable greatly exceeds the length necessary to silence noise

sources through attenuation. The shorter cable runs that

exist at other CDAA sites with CM antennas, such as 1500 to

2000 feet, would also produce satisfactory attenuation.

13
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3600 FOO Wift OONNIOTD TO CONICAL MO0NOPOLE
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Figure 6 MDC Pcedleted Current Along a 3200 Foot Coaxial Cable
,uben a 2 NiroxaM Current is Z.I sated 3116 Feet from the
Antem Fedpoint at 6 Ms.
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Table X. CUAR]IDT ATTE•UATION ALONG 3200 FOOT FrNDLIZ] FOR 3
AND 6 M MM INXXCT1D WIT! 2 MICROAMPS AT 3116 FIET

DISTANCE ram CURRENT CURRENT
CONICAL UOUOOLM KONIXTUD MhOWflUDE

lRDIPOZIT FOR 3 INKS IOR 6 lz
___O__Do 3NJUCYZON

FEET MICROAMPS MICROAMPS

3116 2 2
(INJECTION

POINT)

3083 .62 .35

3051 .175 .082

3018 .048 .017

2988 .01 .006

2956 .0037 .0004

2926 .0016 .0014

2893 .0017 .001

2864 .0008 .0008

15



IV. ZRiA•LXA BRACH COSICAL . IOWPOLU 88

A. m•aUN !HNrQUI

The Imperial Beach CM lies on the coastal plain of

southern California characterized by low scrub vegetation

and sandy soil. A dense urban environment of mixed

residential and industrial zones is within line-of-sight,

beginning at three kilometers, and surrounding the antenna

on three sides. The ocean, 600 meters away, borders the

fourth side.

The CM rises above a circular, six-inch thick gravel

carpet which covers its 36 copper radials. Each radial

extends 80 feet from the antenna base. Recent maintenance

left one six-foot segment of a radial exposed, which

provided an excellent location to both inject and measure

radial currents. The exposed segment began 40 feet from the

base of the CM.

An instrumentation arrangement consisting of a Kenwood

Model TS-50 transceiver, 12 dB attenuator, impedance

matching tuner, and specially designed signal-injection

probe injected current into the radial by inductive

coupling. The injection point was 43 feet from the CM base.

Placed on both sides, and one foot away, were two Fischer

Custom Communications Model F-70 Current Probes. A Hewlett-

16



Packard 141 Series Spectrum Analyzer, connected to the F-70

probes by low-loss coaxial cable, was used to measure

current at the two probe locations as well as the signal

level at antenna feedpoint. Figure 7 shows the

instrumentation setup. System calibration ensured that 1

microamp of current flowing on a conductor at the F-70

produced an output of 1 microvolt across a 50 ohm load. It

was convenient to measure the probe output in dBm dissipated

in the 50 ohm load. The following relationship converts the

power measured to current.

I,•. IV• o. U .00 10a ,5O (volts) (9)

B. MIUMU3! i AND ANALYSIS

Table II contains the measured current at both probe

locations and the signal level at the CM feedpoint. Several

mechanisms account for the significant variation encountered

across the 2 to 25 MHz frequency range including:

1. Antenna impedance varies with frequency.

2. Soil permittivity and conductivity parameters vary with
frequency.

3. The injecting instrumentation not matching the load
equally well at all frequencies resulting in different
power levels delivered to the injection coil.

4. Radial/antenna coupling variations with frequency.

17
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CONICAL MIONOPOLE RADIAL WIRE

INJECTION COIL,

TUNING CIRCUIT

122dB ATrINUATOR

Figuro 7. Diagram of Instrumentation Used to Inject and
Measure Current on the Conical Monopole

Figure 8 shows the variation of current with frequency at

both the inner F-70 probe and the antenna feedpoint. The

plot shows a 20 to 40-dB loss between the radial injection

point and the measured feedpoint current.

Validating the NEC model results to the actual antenna

characteristics requires that the measured and NEC predicted

feedpoint currents closely match when both are injected with

the same magnitude current at the same location on the

antenna.

The NEC values of radial injected current are scaled to

be equal to the the measured radial injected current. The

18



IMPERIAL BEACH MEASURED CURRENT VALUES

10 ' CURRENT INJECTED ON RADIAL

. CURRENT AT FEEDPOINT

10"

W4
z
010

10 5 1 i

104

FREQUENCY (MHz)

FIg, ".. Measured Current at the Inner Probe and at the
Conical M4onopole Feedpoint

NEC predicted feedpoint current is plotted in Figure.9 along

with the measured feedpoint current. The NEC predicted

current closely follows the measured current up to about 20

M~z, where the NEC values become consistently lower. A

possible explanation is the NEC model used values for er and

a that did not change with frequency when in fact there was

19



S Table XX. CURRENT ON THE CONICAL MONOPOLE AT INNER AND OUTER
PROBES AND AT THE FEEDPOINT

AT minU NSW
vinwOmz AT wzu &T -

mPZ A AMPS AMPS it AMPS

2 7.95 253 71

3 14.14 705 791

4 19.98 1407 1118

, 7.95 499 449

6 4.47 125 141

7 7.09 223 250

a 5.63 250 445

9 14.14 281 1407

10 14.14 223 707

11 11.23 281 560

12 2.82 141 223

13 6.32 281 791

14 10.01 281 707

15 12.6 100 707

16 14.14 89 888

17 7.07 79 25

1.8 .45 71 18

19 5.63 79 281

20 5.63 100 177

21 3.99 71 112

22 6.32 63 158

23 5.63 100 199

24 4.47 89 125

25 3.55 71 28

20



COMPARING NEC RESULTS TO IMPERIAL BEACH MEASUREMENTS
* CURRENT INJECTED ON RADIAL"

+ CURRENT AT FEEDPOINT
NEC PREDICTED FEEDPOINT CURRENT

101

W0 410"-

10 " 1 is-25

100 5 -i',
FREQUENCY (?Idz)

Figure 9 Comparison of NEC Predicted Feedpoint Current to
Measured Feedpoint Current for Current Injected on a Radial

some variation. To explore this possibility, the model was

run at 22 MHz for a number of different ground parameters.
The results are plotted in Figure 10. The solid line in this

figure is for the measured value of feedpoint current

measured at the Imperial Beach site. Because of the impact

of ground constants on the calculated feedpoint current at

the higher frequencies, future NEC modeling should employ

accurate measurements of ground characteristics.

A final comparison was made between the measured

feedpoint current, normalized to 2 microamps, and the NEC

21
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THE IFFEC OF REAL SOIL VARIATIONS ON NEC RESULTS

1. F SPACE
2. 6-5 o-.009 S/M
3. 6-5 o-.003 S/M
4. G-5 a-.001 S/M
5. C-15 o-.009 S/r
6. a-15 a-.003 S/m
7. a-3.5 o-.001 S/rn

1104-

+ MEASURED RESULTS

44 X "--- 2
--7

20 20.5 2 22. 23 23.5 24 24.5 25

FREQMUNCY "Hz)

Fig=ue 10. Comparison Between NEC Predicted Feedpoint
Current and Measured Feedpoint Current for Varying Ground
Parameters

predicted feedpoint current for a 2 microamp injected

current. The results, plotted in Figure 11, show close

agreement. They diverge above 20 MHz as previously

demonstrated. The exceptional peak at 17 MHz, where strong

coupling is not expected, needs to be verified. This may be

a measurement error.

Now possessing an accurate model, the intent of the NPS

SNEP team was to inject current into the CM feedline at

various locations and measure the resulting antenna

22



feedpoint current. This could then be used to verify the

numerical results that predict significant attenuation for

noise currents traveling along the cable. Regrettably, the

Imperial Beach CM feedline had a break in it somewhere

between the CDAA operations building and the antenna. This

prevented the team from completing this objective. The NPS

SNEP team then developed an alternate experiment to test the

amount of coupling between coaxial cables that run under an

HFDF site.

23



ZUASURED CURN CONARE TO NEC PREDICTED CURRENT
0 IMPERIAL SEACH IdJ-CTED CURRENT NORMALIZED TO 2 MICROAws
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7Lgum 11. Comparison Between Measured Feedpoint Current and
NEC Predicted Feedpoint Current when Radial Injected Current
Normalized to 2 Microamps and NEC Radial Injected Current
Scaled to 2 Microamps
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V. COUPLING 3VFCTS AT XREI.AL ,ZACH RZCZIVIMG SZIT

A. ST• DUSCRIPTIO• AND COUPLING T 'ZCUIIQUZ

The Imperial Beach receiving site consists of the

AN/FRD-10 Circularly Disposed Antenna Array (CDAA), control

building, and the conical monopole. The latter lies about

3200 feet due north from the control building and is

connected by a 7/8-inch-foam dielectric Heliax coaxial

cable. Running parallel, and in the same plastic conduit for

270 feet, is a spare CM cable that terminates in an external

cable vault. The shield for both cables connect into the

north termination plate of the CDAA RF room, where numerous

other CDAA cables also connect. For more information, refer

to the CDAA technical manual (Ref. 9]. The terrain and soil

conditions surrounding the CDAA are similar to at the CM.

An access panel in the RF room of the CDAA allowed the

team to select the cables for both current injection and

measurement, using the same devices and technique employed

cn th• CM.

3. COUPLING RRSULTS

Table III shows the injected and induced current levels

in the CM cable shield and spare cable shield, respectively.

Figure 12 shows a plot of the difference in the injected

and induced levels and clearly indicates the two cables
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2 -50 -69 14 -36 -44

3 -37 -44 15 -35 -43

4 -34 -40 16 -36 -44

5 -42 -52 17 -39 -47

6 -54 -75 18 -38 -46

7 -50 -55 19 -40 -49

a -42 -50 20 -39 -46

9 -42 -51 21 -38 -44

10 -43 -51 22 -54 -54

11 -36 -42 23 -56 -58

12 -38 -46 24 -56 -62

13 -40 -52 25 -60 -76

interact significantly. This serves to dramatically

illustrate how noise currents on one conductor couple into

adjoining conductors.

The CDAA possesses numerous EMI/RFI conduction paths.

Its entire monopole array system resides on a copper ground

screen beneath which are hundreds of coaxial cable runs.

Added to this are various power conduits, piping systems,

and communication cables. Noise current migration is a

serious problem in such systems.

This single experiment only touches on the real problem
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COUPLING LOSS BETWEEN THE TWO CONICAL MONOPOLE COAX SHIELDS
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Fig=u* 12. Coupling Between the Conical Monopole Cable Shield
and the Conical Monopole Spare Cable Shield

and a detailed analysis of coupling effects between other

cables and components awaits. Vincent [Ref. 10] provides

other examples of CDAA coupling problems and testing

methods. Additionally, he believes coupling testing, if

explored further, may provide a relatively easy and

inexpensive method to identify transmission line problems

such as corroded junctions and incorrectly assembled cables.
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S•

VI. RFULTS aND COM•CXLIONS

The NEC model of the CM, with representative values for

ground permittivity and conductivity, produced numerical

results which closely followed experimental results.

The NEC results also indicate that significant noise

current attenuation occurs on the cable shield of a semi-

remotely located CM as the current travels on the cable

toward the antenna. A distance of 200 feet or more, under

Imperial Beach conditions, should reduce this current to

levels that will not interfere with HF reception provided

the tenative value of maximum injected current of two

microamps is not exceeded. These results need to be

experimentally verified by injecting an actual CM cable at

varying distances from the antenna and measuring feedpoint

current levels.

Current injection tests on the coaxial cable sheaths of

the CDAA showed the NPS SNEP team proposed two microamp

limit on incidental conductors about right [Ref. 10].

Preliminary measurements on coaxial cable shields at the

Imperial Beach CDAA site showed that inductive coupling can

provide a low-loss path for EMI/RFI currents to travel to

other parts of the system. Because of the CDAA's complex

network of cables, other experimental tests need to be run.

Only then will the full impact of EMI/RFI on the system be

better understood.

28



APPENDX A. NMC INPUT DITA8ET

CM THE 2012AA CONICAL MONOPOLE
CM
CM FROM HY-GAIN TELCONS AND THE MANUAL
CM
CM FIRST, NECGS RUNS
CM
CM NO CATENARY/PERF. GND/SIX-FOLD SYMM
CM
CE ALL EQUI-RADII WIRES
GW 100,16, 0,0,71, 22.5,0,28.5,.0i
GW 500,1, 22.5,0,28.5, 18.85,0,28.5, .01
GW 500,6, 18.85,0,28.5, 0,0,28.5, .01
GM 50,1, 0,0,0, 0,0,-i, 500.500
GW 600,1, 18.85,0,28.5, 18.85,0,27.5, .01
GW 200,10, 0,0,.75, 22.5,0,27.5, .o01
GM 0,0, 0,0,-30, 0,0,0, 100.600
GW 150,15, 0,0,71, 19.4856,0,28.5, .01
GW 236,14, 0,0,.75, 19.4856,0,27.5, .01
GW 272,14, 0,0,.75, 19.4856,-5.625,27.5, .01
GW 308,14, 0,0,.75, 19.4856,5.625,27.5, .01
GW 400,4, 0,-11.25,0, 0,11.25,0, .01
GM 0,0, 0,0,0, 19.4856,0,28.5, 400.400
GM 50,1, 0,0,0, 0,0,-i, 400.400
GW 800,10, 0,0,-i, 80,0,-i
GC 0,0, 1.25, .01,.01
GM 0,0, 0,0,30, 0,0,0, 800.800
GM 6,5, 0,0,-10, 0,0,0, 800.800
GR 1,6
GS 0,0,.3048
GE -1,2
GN 2,0,0,0,15,.003
FR 0,0,0,0, 6
WG
NX
CE NOW CALL UP THE NGF FILE
GF
GW 900,1, 0,0,-i, 0,0,0, .01
GW 900,1, 0,0,0, 0,0,.75, .01
GW 900,9, 0,0,.75, 0,0,27.5, .01
GW 900,1, 0,0,27.5, 0,0,28.5, .01
GM 900,14, 0,0,28.5, 0,0,71, .01
GW 902,1, 0,0,-i, 0,0,-2, .01
GW 903,290, 0,0,-2, 3200,0,-2
GC 0,0, 1.01, .01,.01
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0. 0o..3048
GV 901,1, 999,999,999, 999,999,999.001, .00001
0E -1,2
LD 4, 900,2, 2, 50,0,0
NT 901,1, 903,288, 0,0, 0,1, 0,0
EX 0,901,1,0, 0,1
xQ
EN
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APPIUE X B. FILl CONVRS ION ]PROGRAM

Compiling this C program produces an executable file
called convert.exe that converts NEC generated plotting
files into a matrix for MATLAB manipulation.

LCDR Frank Kelbe, an instructor in the Naval
Postgraduate School Computer Science Department, authored
this program.

#include <stdio.h>
#include <alloc.h>
#include <stdlib.h>
#include <string.h>

/* anything longer than this is Part 1 data, shorter
is
Part 2 data */
#define LONG 40

/* if a line is longer than this, the file has
been
converted already */
#define TOO_LONG 70

/* where the real data begins on a line */
#define OFFSET 7

/* length of temp input string */
#define LEN 100

int
main(int argc, char **argv)(

FILE *ifp, *fp; /* file
handles */

FILE *final;

char tmpfile(LEN]; /*
scratch file name */

char finalfile[LEN]; /*
scratch
file name */

char temp[LEN]; /* used
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for
input of strings ~

char templ(LEN]; /* used
for
input of strings '

int len;

length of input string ~
char *result; 1

return
value from fgets ~

if (argc < 2){

argmens.\");fprintf(stderr,"\nlnvalid number of

exit(1);

if ((ifp = fopen(argv[1], "r')) == NULL)(
fprintf (stderr,O\nUnable to open input

file.\n");
exit(l);

strcpy(tmpfile, tmpnam(NULL)); I* get a
unique
scratch filename *

strcpy(finalfile, tmrpnam(NULL)); /* get a
unique
scratch filename *

if ((fp = fopen(tmpfile, Ow+*)) == NULL)(
fprintf(stderr,*\nUnable to open output file

%s\n',tuipfile);
fclose(ifp);
exit(1) ;

while (!feof(ifp))(
result = fgets(temp, LEN, ifp);
if (result != NULL) {

len = strlen (temp);

if (len > TOO-LONG)
fprintf(stderr,"\n\nThe file

has
already been converted\n\nm);

fclose(ifp);
exit(1);
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if (len > LONG) { /* proceed only
untilnext part */ fputs(temp+OFFSET, 

fp);
}
else

break; /* quit
when
reach the second part of the data */}

I

/* open the temp file for reading now */
fclose(fp);

if ((fp = fopen(tmpfile, "r")) == NULL) {
fprintf(stderr,m\nUnable to open temp input

file
%skn",tmpfile);

fclose(ifp);
exit(l);I

/* open the final outpu- file */
if ((final = fopen(finalfile, "w+O)) == NULL) {

fprintf(stderr,*\nUnable to open output file
%s\no,finalfile);

fclose(fp);
fclose(ifp);
exit (1) ;

/* temp already has a value, so process
first,
then read more */

while (!feof(ifp)) (
fgets(templ, LEN, fp);
templ[strlen(templ)-l] = '\0';
fputs(templ, final);
fputs(" 0, final); /* seperate the

parts
with spaces */

fputs(temp+OFFSET, final);
if ((result = fgets(temp, LEN, ifp)) == NULL)

/* if nothing lft, */
break;
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/* get out of here *

f)ls ( p
fclose(ifp);
fclose(fpna);

unlink(argv[1]);
unlinjc(tnipfile);
rename(finalfile,argv[l]);
return 1;
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